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Abstract 1 
 LBP is often associated with changes in motor control. Some subgroups of LBP have been 2 
argued to have a compromised ability to dissociate lumbopelvic movement from that of the 3 
thoracolumbar junction. Clinical methods to evaluate this task may aid identification of this LBP 4 
subgroup and determine the utility of this information to guide clinical interventions. The study aimed 5 
to develop a clinical test to assess the ability to dissociate lumbopelvic movement from that of the 6 
thoracolumbar junction, and to evaluate the inter-rater reliability of the test in individuals with and 7 
without low back pain (LBP) when performed by experienced and novice therapists. A clinical scale 8 
was developed to characterise quality of performance of lumbopelvic motion with limited motion at the 9 
thoracolumbar junction. Inter-tester repeatability was measured in three experiments. Test outcomes for 10 
pain-free controls were compared between three assessors with different amounts of clinical 11 
experience. Test scores for LBP participants were compared between two assessors, and between 12 
assessments undertaken from video recordings. Agreement between assessors was tested with weighted 13 
Kappa Coefficient. The test had acceptable reliability in pain-free and LBP participants, but was better 14 
when undertaken by experienced therapists. Kappa index ranged from 0.81-0.66 for live assessments, 15 
and 0.62 for video assessments. The results showed that the test is reliable when performed by 16 
experienced assessors. The test can assess thoracolumbar movements in different groups of individuals.  17 
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Introduction 18 
 Individuals with persistent low back pain (LBP) exhibit changes in motor behaviour. These 19 
include changes in posture (Claus et al., 2009; Consmuller et al., 2012; Dankaerts et al., 2006b; Roussouly et 20 
al., 2005), muscle activation (Dankaerts et al., 2006a; van Dieën et al., 2003), and movement (MacDonald et 21 
al., 2009; Mok et al., 2011; Scholtes et al., 2009; Wong & Lee, 2004). Such changes have been used as a 22 
basis to identify homogeneous subgroups within the heterogeneous LBP population (Dankaerts & 23 
O'Sullivan, 2011; Dankaerts et al., 2007; Dankaerts et al., 2009; Fersum et al., 2009; Harris-Hayes & Van 24 
Dillen, 2009). However, examination of motor behaviour often requires sophisticated laboratory tests 25 
that have limited utility in clinical practice. A critical step forward is the development of clinically 26 
viable methods to identify changes in motor behaviour in LBP. 27 
Altered motor coordination of thoracic, lumbar, and pelvic segments is a feature of motor 28 
behaviour discussed in the clinical literature and studied using laboratory-based investigations. Specific 29 
subgroups of individuals with LBP have been identified to have: poor ability to dissociate movement of 30 
the lumbopelvic region spine from that of the thorax (poor intersegmental coordination) (Wallwork et al., 31 
2009); poor capacity to voluntarily maintain a lumbar lordosis (Danneels et al., 2002); compromised 32 
control of the multifidus muscle (Freeman et al., 2010; MacDonald et al., 2009; Nelson-Wong & Callaghan, 33 
2010); and “smudging” of the separate regions of the motor cortex involved in the activation of 34 
short/deep and long/superficial muscles of the back which are responsible for coordinated motion of 35 
these segments (Tsao et al., 2011). Although related, it has not been confirmed that all of these features 36 
are present in the same individuals. Altered control of this aspect of motor behaviour may be relevant 37 
for spine loading and characterise a specific LBP subgroup, but no clinical tools are available to 38 
reliably measure dissociation of lumbopelvic from thoracic motion. Clinical methods are necessary to 39 
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enable wider evaluation of this movement behaviour in a broad LBP population, and to determine the 40 
utility of this information to guide clinical interventions. 41 
This study aimed to: (i) develop a clinical test to assess the ability to dissociate lumbopelvic 42 
motion from that of the thoracolumbar junction; and (ii) evaluate the reliability of the test in individuals 43 
with and without LBP when performed by experienced and novice therapists.  44 
 45 
Methods 46 
Study design 47 
The study was divided into a test-development phase and three experiments. The test-48 
development phase involved development and refinement of criteria to quantify movement 49 
performance, and design of a standardised video to instruct participants for the movement task. The 50 
first experiment investigated the inter-rater reliability of the clinical test when applied to healthy 51 
participants and compared the ratings of three assessors; two with at least 1-year of clinical 52 
physiotherapy experience and one novice physiotherapist (a new graduate with limited clinical 53 
experience). The second experiment assessed the inter-rater reliability (two experienced assessors) in 54 
patients with persistent LBP. A third experiment studied the inter-rater reliability (two experienced 55 
assessors) of the test when assessments were undertaken from video recordings in the same group of 56 
patients. 57 
Test-Development 58 
The development of the test involved a combination of judgmental and consensus opinion 59 
methodology. The initial judgmental approach involved development of the criteria by the investigators on 60 
the basis of an extensive literature review of the topic and through observation of patients with back pain. 61 
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This test was then refined using a consensus opinion method in which a panel of expert clinicians was 62 
involved in testing and commenting on the appropriateness of the criteria and scoring descriptions. The 63 
expert clinicians (n=3) involved in this phase were all experienced with rehabilitation of patients with back 64 
pain.  65 
Rating Scale 66 
The “Clinical test of thoracolumbar dissociation” was devised to assess a patient’s ability to 67 
perform anterior/posterior pelvic tilt in sitting while attempting to maintain a constant position of the 68 
thorax/thoracolumbar junction. The rating scale of the test was structured with five criteria with a 69 
maximum score of 10. Each criterion represented descriptive characteristics of a specific movement 70 
feature. Assessors provided a numeric value, based on a criterion referenced assessment, as a measure 71 
of the quality of movement performance using characteristics such as; muscle activity, timing and 72 
coordination (Table1, Fig. 1). Criteria were arranged such that the assessor first focused attention to 73 
lumbopelvic movement. The second focus was motion and muscle activity of adjacent regions, 74 
including consideration of the ability of the participant to move the lumbopelvic region relatively 75 
independently from the thoracolumbar junction. A final focus included more global features of 76 
movement performance including; (i) consideration of whether the task could be performed with equal 77 
quality between movement directions (anterior and posterior pelvic tilt), (ii) the ability to maintain 78 
movement quality with repetition, and (iii) the ability to maintain breathing.  79 
Process for test refinement 80 
During the consensus opinion phase the panel of expert clinicians piloted the test and provided 81 
feedback. This resulted in refinement of the wording of the criteria and the assessment sequence. 82 
Factors considered in refinement of the test were that: (i) criteria should create a fluid and logical order 83 
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of assessment; (ii) discrimination of the quality of the movement during the test should be expressed as 84 
a positive concept with different levels of performance, and (iii) language should be intuitive and non-85 
ambiguous. This process resulted in modification of descriptions that were considered to be ambiguous, 86 
addition of words to add clarity.  87 
Test performance 88 
Performance of the test was evaluated in two steps. The first evaluation was undertaken after 89 
viewing standardised instruction video, and the second after a two minute individualised training session 90 
with specific feedback of features that required correction to improve the performance of the task.. 91 
Standardised video instructions: Instructions for each participant were standardised using a 92 
video that contained; (i) written and verbal instructions of the task “tilt the pelvis forwards and 93 
backwards in the sitting position”, (ii) demonstration of the movement by a model, and (iii) instruction 94 
to perform 10 repetitions. After this training the assessor rated the performance.  95 
Individualised training: Participants received a two-minute session of standardised feedback 96 
or training to improve performance by a single trained experimenter (physiotherapist). To standardize 97 
and optimise the learning process a list of “training strategies” was created. This guide indicated 98 
training methods that could be used to improve task performance based on errors identified in the initial 99 
assessment. Techniques included training of postural alignment in sitting, standing or four point 100 
kneeling, manual guidance of pelvic tilt, guidance to correct alignment of the pelvis, and feedback to 101 
avoid excessive muscle activity. Performance was reassessed after the completion of the two minutes of 102 
training. 103 
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Experiment 1: Inter-tester reliability – Healthy controls 104 
Participants: Eleven healthy individuals with no history of low back or pelvic pain (27[3] 105 
years (mean [standard deviation]); 6 males, 5 females) were recruited. Participants were excluded if 106 
they had suspected or confirmed spinal pathology, pregnancy, nerve root compromise, and previous 107 
spinal surgery, or major surgery scheduled. The institutional Medical Research Ethics Committee 108 
approved the study and all participants provided written, informed consent. 109 
Assessors: Three independent assessors, one with postgraduate training in manual therapy (R1), 110 
one working in clinical practice (R2, >1-year of clinical experience), and a novice new graduate 111 
physiotherapist with limited clinical experience (R3) were trained to perform the assessment. Training 112 
involved: (i) explanation and discussion of the criteria; (ii) familiarization with key concepts and 113 
definitions, (iii) guided assessment of the test in pilot subjects, and (iv) review and discussion of the 114 
rating of several individuals.  115 
Procedure: The assessment was performed in one session for each participant. Each session 116 
was divided into three phases: (i) pre-training assessment – basic training of the movement task 117 
provided using the video and performance simultaneously assessed by 3 assessors; (ii) training - 2-118 
minutes of standardised training provided by the experimenter based on the standardised training 119 
strategies; and (iii) post-training assessment – same procedure as the pre-training assessment.  120 
Participants sat on a chair adjusted to 110% of the height of fibula head with the hands relaxed 121 
on the thighs, eyes open and looking forward to a screen. The back was exposed and the participant 122 
wore shorts that did not restrict hip motion.  123 
 The test was performed once (ten repetitions of the test movement) with all assessors able to 124 
evaluate the same participant at the same time. Assessors rated the participant’s best performance, 125 
without interaction. The best performance was defined as the highest score that could be awarded based 126 
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on the assessed repetitions. Assessors were allowed and encouraged to palpate the participant to clarify 127 
observations (muscle activation). It was considered necessary for all assessors to evaluate the same 128 
performance so that inter-rater reliability could be determined without confounding by differences in 129 
performance by the participant.  130 
  Assessors left the room after pre-training assessment and the experimenter provided 2-minutes 131 
of training. All assessors then returned and scored the post-training performance concurrently.  132 
Experiment 2: Inter-tester reliability – LBP participants  133 
Participants: Twenty individuals with non-specific persistent LBP were recruited (31[9] years, 6 134 
males, 14 females). Participants were excluded if they had suspected or confirmed spinal pathology of 135 
non-musculoskeletal origin (e.g., tumor, infection, fracture, inflammatory disease), pregnancy, nerve 136 
root compromise, or previous spinal surgery. 137 
Assessors and Procedure: The experienced assessors from Experiment 1 (R1, R2) assessed the 138 
participants as for Experiment 1. 139 
Experiment 3: Inter-tester reliability - LBP participants by video assessment 140 
Participants: Sixteen individuals with non-specific persistent LBP selected randomly from the 141 
sample used in Experiment 2 were videoed from the front, side and back during the task, pre- and post-142 
training. A research assistant edited the videos in a blinded manner. Participants were excluded if the 143 
movement could not be observed clearly in all three views. Video recordings of ten individuals (28[9] 144 
years, 2 males, 8 females) could be included. 145 
Assessors and procedure: An experienced assessor (R1) from Experiment 1 and an additional 146 
experienced assessor (R4) with postgraduate training in manual therapy participated. Assessors were 147 
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instructed to rate the performance after watching the video only once. They rated the pre-training video, 148 
waited 2 minutes, and then rate the post-training performance to mimic the clinical situation. 149 
Intra-tester reliability 150 
 Intra-tester reliability was assessed using the data for assessor R1. It was considered that 151 
assessment of intra-tester reliability would be confounded by improvement in performance of the 152 
participant after training. For this reason intra-tester reliability was assessed by comparison of the scores 153 
provided by a single assessor on separate days, but with one assessment performed as a live assessment, 154 
and the second assessment as a video assessment of the exact same performance by the participant. This 155 
was achieved by using the data from assessor R1 in Experiments 2 and 3.  156 
Statistical Analyses 157 
Inter-rater reliability was assessed in two ways: general analysis of the total score, and detailed 158 
analysis of each criterion separately. For both analysis the scores (total and each criterion) of the test 159 
pre-training and post-training were compared between each combination of assessor pairs (R1 vs. R2; 160 
R1 vs. R3; R2 vs. R3) using the weighted Cohen's Kappa Coefficient. This method measures the 161 
agreement between assessors for categorical/ordinal data. Values of this index (k) range from 0 (no 162 
agreement) to 1 (100% agreement) or -1 (100% disagreement) and the strength of agreement has been 163 
defined by Landis and Koch (Landis & Koch) and Sim and Wright (Sim & Wright, 2005) (see Table 2). 164 
Analyses were performed with a confidence interval (CI) of 95%.  165 
 166 
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Results 167 
Inter-tester reliability – Healthy controls 168 
The repeatability of the total scores revealed good agreement between assessors but differences 169 
in the level of agreement between pairs of assessors based on experience and between measures made 170 
before- and after-training. For pre-training measures the inter-rater agreement between R1 and R2 was 171 
“almost perfect/very good”, but was less (“substantial/good”) for comparison between experienced 172 
assessors (R1 and R2) and the less experienced assessor (R3) (Table 3). Agreement between assessors 173 
was less after 2 minutes training. Agreement between R1 and R2, and R1 and R3 was “substantial” but 174 
only “moderate” between R2 and R3 (Table 3). 175 
Analysis of inter-rater reliability for each criterion revealed higher variability, but with the same 176 
tendency for less reliable post-training measures and lower agreement with the less experienced 177 
assessor. “Breathing”, was scored identically by all assessors at both measurement times. In the pre-178 
training measures, all criteria showed at least a “moderate” level of agreement for the assessor with 179 
postgraduate training (R1) and the other two assessors (R2 and R3) (Table 4). For the post-training 180 
measures “moderate” agreement was only achieved for the experienced assessors (R1 and R2).   181 
Inter-rater reliability – LBP participants 182 
Analysis of total scores for LBP participants demonstrated “substantial/good” inter-rater 183 
reliability in the pre-training phase and “moderate” agreement in the post-training phase (Table 3).  184 
Analysis of individual criteria showed lower agreement for pre- and post-training assessments. 185 
Three criteria had “moderate” to “very good” agreement in the pre-training phase, but higher variability 186 
in the post-training phase (Table 4). “Breathing” was scored with perfectly agreement between 187 
assessors. 188 
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Inter-rater reliability – LBP participants by video assessment 189 
 Inter-rater reliability of the total scores from video analysis revealed that assessment remains 190 
reliable with a “substantial” agreement in pre-training and “moderate” agreement post-training (Table 191 
3). Analysis of each criterion demonstrated at least a “moderate” agreement in four of five criteria. 192 
Again “breathing” was perfectly scored. This was also apparent for Criterion 2 (control of adjacent 193 
regions) in the pre-training phase and Criterion 5 (repetition) in the post-training phase. One criterion 194 
(Criterion 3 (performance in opposite directions)) was less reliable, with “slight” and “poor” levels of 195 
agreement pre- and post-training, respectively (Table 4). 196 
Intra-tester reliability 197 
 The intra-tester reliability of the total scores of R1 from LBP participants in vivo and video 198 
analysis revealed a “substantial” and “moderate” agreement between scores provided pre-training and 199 
post-training, respectively (Table 5). 200 
 201 
Discussion 202 
 The results demonstrate that the “Clinical test of thoracolumbar dissociation” has acceptable 203 
inter-rater reliability when used by trained physiotherapists. Although the agreement between assessors 204 
was acceptable, it depended on the assessor’s experience and the degree of task training. Agreement 205 
between assessors was better when participants’ performance was judged after minimal instruction than 206 
after the training period. The reliability was also acceptable, although with marginally less agreement, 207 
for participants with LBP, even when the test was undertaken using video recordings of movement. 208 
These data confirm the potential utility of this test in clinical evaluation of patients with LBP.  209 
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Intra and inter-rater reliability of the “Clinical test of thoracolumbar dissociation” 210 
 The total test score had good reliability between sessions for a single trained assessor, and 211 
between assessors, but with some variation between criteria. This latter observation could be explained 212 
by differences in the components evaluated in each criterion. For instance, Criterion 4, which assesses 213 
breathing, had a perfect agreement. This criterion is rated as a dichotomous “yes” or “no” pertaining to 214 
the ability to breathe during the movement, which is relatively straightforward to assess. High 215 
agreement was also identified for Criteria 1 and 2, which describe key movement components of the 216 
test and are defined by detailed criteria that are assessed from the “best” performance of the task. In 217 
contrast, agreement between assessors was lower for Criteria 3 and 5 (healthy control – “moderate”; 218 
LBP – “slight” – “poor”), which assess differences in the performance of the task between directions of 219 
movement (i.e. anterior and posterior pelvic tile) and consistency of the ability to perform the task with 220 
repetition. Greater difficulty with assessment of these criteria might reflect subjectivity of assessment 221 
of features that rely on relative quality between directions/repetitions. In addition, the determination of 222 
quality of performance in these criteria involves consideration of multiple components including 223 
movement features and muscle activation that are separately assessed in Criteria 1 and 2.  224 
Greater reliability for experienced assessors 225 
 Our data show a “high” level of agreement (Landis et al.; Sim et al., 2005) between assessors who 226 
have several years of clinical experience and less agreement between assessors when one is a novice 227 
clinician. This concurs with data from other studies (Alqarni, 2011; Dankaerts et al., 2011; Dankaerts et al., 228 
2006b; Dankaerts et al., 2006c; Luomajoki et al., 2007; 2008; Tidstrand & Horneij, 2009; Van Dillen et al., 229 
1998) and the conclusion of a recent systematic review that identified assessor experience as a key 230 
factor in determination of reliability and minimization of the risk of bias for clinical assessments of 231 
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movement control in LBP (Alqarni, 2011; Carlsson & Rasmussen-Barr, 2013). Our study supports this 232 
observation and indicates that the reliability of the “Clinical test of thoracolumbar dissociation” 233 
depends on the experience/skill of the assessors. Although some studies suggest experience is not 234 
important, this is generally identified for tests that rely on simple criteria that involve limited clinical 235 
judgment such as examination forms and videoed assessments (Fritz et al., 2000) 236 
Assessment can be biased by training of the task  237 
The two minutes of standardized training appears to have differentially biased the observations 238 
of the assessors. This is evidenced by greater agreement between assessors for assessment conducted 239 
after the video training than for the second assessment after training by the therapist. This cannot be 240 
explained by differences in task performance as the assessors examined patients concurrently. The 241 
difference in rating after training indicates additional factors influenced the assessor’s judgment. There 242 
are several possibilities. First, assessors may have been influenced by an expectation of improved 243 
performance after training. Some assessors may have rated performance poorer if they expected greater 244 
improvement from training. Second, recollection of the pre-training assessment and subsequent 245 
comparison with the post-training performance may have affected the rating. The 2-minute period 246 
between assessments is unlikely to prevent assessors being influenced by their initial assessment. Other 247 
studies have included a 15 minute “washout” period and reported this time period to be sufficient to 248 
reduce the influence on the assessment (Dankaerts et al., 2011).  249 
Reduced agreement (change of Kappa value to a lower category of strength of agreement or 250 
lower Kappa value with in a strength of agreement category) after training was limited to Criterion 3 251 
(ability to perform the task in opposite directions) for healthy controls. For LBP participants, agreement 252 
between assessors and between sessions for a single assessor declined for both Criteria 3 and 5 after 253 
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training. As indicated above, these scores involve assignment of a score on the basis of comparison of 254 
performance between movement directions, and the maintenance of quality of performance between 255 
repetitions. Different assessors not only score individuals differently on these items, but agreement on 256 
these items declined after training. As these features require reflection of performance over a number of 257 
repetitions and require some qualitative judgement, they may be influenced to a greater degree by the 258 
expectation of the assessor, and this may differ between assessors and between patients. Alternatively, 259 
it is possible that although training improved performance, variation between repetitions increased as 260 
participants trialled various methods they had been taught to optimize task performance. This may have 261 
been expressed as an initial deterioration of performance. As people with LBP have less precise control 262 
of movement (Willigenburg et al., 2013) the attempt to voluntarily correct or improve movement based 263 
on learning of a new task could have led to disorganization of the movement as they attempted to 264 
modify their established pattern. Previous studies have shown that specific training of voluntary actions 265 
and skills change motor patterns (Adkins et al., 2005; Laird et al., 2012; Perez et al., 2004) of muscle 266 
coordination (Jensen, 2005; van Dieën et al., 2003) even after a short period of training time (Tsao et al., 267 
2010). However, the short duration of practice is unlikely to be sufficient to change behaviour and the 268 
mode of training might have interfered with the initial performance, as has been shown for some 269 
training paradigms (Shea & Morgan, 1979). Reliability could be improved in future by; (i) use of only 270 
the pre-training measure, (ii) provision of a longer period between assessments, (iii) greater period of 271 
training longer to allow performance to stabilise, or (iv) tighter definition of Criteria 3 and 5. 272 
Inter-rater reliability for LBP vs. healthy control participants 273 
Although inter-rater reliability for both healthy and LBP groups was acceptable, agreement was 274 
better for the healthy group. It is possible that worse agreement for the LBP group was the result of 275 
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greater variability in task performance by the participants, leading to different scores by the assessors 276 
despite both scoring the performance at the same time. However, other possible explanations require 277 
consideration. In this study the assessors knew that the participants had LBP and this may have biased 278 
assessment in a differential manner. Perhaps some therapists rated LBP participants differently if they 279 
“expected” the performance to be better or worse rather than attributing a rating purely based on 280 
observation. In some ways this concurs with the observation that agreement was worse after the 2-281 
minutes training for the pain-free participants. This implies some potential for differential bias of 282 
therapists based on expectation. Despite this possibility, the ratings maintained acceptable reliability, 283 
but future use of the test should highlight that this may be possible and assessors should be encouraged 284 
to faithfully report the performance without bias. 285 
Reliability of video assessments 286 
Reliability of many clinical tests has been evaluated using video analysis (Henry, 2013, 287 
Luomajoki, 2007). Videoed assessment has advantages as it allows the test to be viewed by multiple 288 
assessors, at any time, under identical conditions with a single performance by the participant. A 289 
disadvantage is that it may reduce the quality of clinical judgment, as the assessor is not able to interact 290 
with the participant. This is important for the clinical test under investigation as one component of the 291 
criteria involved the qualification of muscle activity and palpation of muscle could provide useful 292 
information. Despite this limitation, agreement between assessors was acceptable. The small reduction 293 
in reliability is explained by either the absence of interaction with the participant or because assessors 294 
were unable to see the features of the task performance with sufficient detail as a result of the video 295 
recording. 296 
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Intra-tester reliability 297 
 Intra-rater reliability is a complex measure for clinical test that incorporate training in their format, 298 
as the patient's performance is likely to improve with the training component. So to more purely evaluate 299 
the contribution of measurement on different days but without the variation in patient performance we did 300 
it by comparison of the measures of the exact same trials but first live and second by video. Even though we 301 
expect that there will be some loss of accuracy by the different modes we found good intra-rater reliability, 302 
which indicate that test has consistency even when it is used by different approaches.  303 
Clinical issues/implications 304 
The test described here is the first to assess the ability to dissociate movement of the 305 
lumbopelvic region from that of the thoracolumbar region. The reliability of the test confirms it may be 306 
used clinically to aid identification of subgroups within the LBP population. Further work is required to 307 
determine whether subgrouping based on this test, and subsequent directed treatment, influences 308 
clinical outcomes; whether the measure can be changed with treatment; whether the movement pattern 309 
relates to other motor control parameters such as muscle activation; and whether the test can 310 
discriminate individuals in this subgroup from the healthy population. 311 
 312 
313 
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Table1. Rating scale for the “Clinical test of thoracolumbar dissociation” 
Criteria Initial performance Initial performance 
1. Quality of pelvic motion 
– direction with best 
quality 
  
Moves the pelvis in to 
anterior/posterior tilt in 
manner that is smooth, 
controlled and to the end 
3 3 
Moves the pelvis but not 
ideal in terms of 
smoothness, range or with 
too much muscle activity 
2 2 
Jerky, uncoordinated, 
limited motion of the 
pelvis +/- excessive 
muscle activity 
1 1 
Inability to move the 
pelvis into anterior or 
posterior tilt 
0 0 
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2. Control of adjacent 
regions – direction with 
best quality 
  
Moves pelvis with gentle 
lordosis/kyphosis of the 
lumbar spine but limited 
movement at the 
3 3 
Moves pelvis mild 
thoracolumbar extension 
or activity of 
thoracolumbar erector 
2 2 
Moves pelvis but with 
excessive thoracolumbar 
extension and activation 
of thoracolumbar erector 
1 1 
Moves into thoracolumbar 
extension/flexion with no 
motion of pelvis 
0 0 
3. Directional preference   
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Moves with high quality a 
into anterior and posterior 
tilt 
2 2 
Moves with high quality 
in one direction 
1 1 
Does not moves in high 
quality in either direction 
0 0 
4. Breathing   
Able to maintain quiet 
breathing during the task 
1 1 
Unable to maintain quiet 
breathing during the task 
0 0 
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5. Repetition   
Able to perform 10 
repetitions with high 
quality a 
1 1 
Able to perform some 
(between 1-10) repetitions 
with higha quality 
0.5 0.5 
Unable to perform any 
repetitions with high 
quality a 
0 0 
TOTAL SCORE /10 /10 
a High quality pelvic control 
- Moves into 
anterior/posterior tilt in 
manner that is initiated with 
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Table 2. Strength of agreement for the Kappa coefficients (Landis et al., 1977) 
Strength of agreement 
Kappa 
coefficients 
 Almost perfect/Very Good 0.81 - 1 
 Substantial/Good 0.61 – 0.80 
 Moderate 0.41 – 0.60 
 Fail 0.21 – 0.40 
 Slight 0.01- 0.20 
 Poor < 0 
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Table 3. Inter-rater agreements of total test scores in Control and LBP participants  
Assessors Pre-training Post-training  
 k 95%CI k 95%CI 
Control     
R1/R2 0.81 (0.68 - 0.93) 0.75 (0.29 - 0.95) 
R1/R3 0.70 (0.34 - 0.93) 0.71 (0.31 - 0.95) 
R2/R3 0.63 (0.29 - 0.89) 0.48 (-0.05 - 0.92) 
LBP     
R1/R2 0.66 (0.33 - 0.84) 0.51 (-0.03 - 0.79) 
LBP (Video)  
R1/R4 0.62 (0.19-0.81) 0.60 (0.11-0.90) 
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Table 4. Inter-rater agreement of each criteria score for control and LBP participants 
 Control Control Control LBP 
LBP 
(Video) 
Assessors R1/R2 R1/R3 R2/R3 R1/R2 R1t/R4 
Criteria 1 Pre k 0.94 0.77 0.66 0.60 0.44 
 CI (0.77-1.00) (0.441-0.97) (0.37 - 0.87) (0.07 - 0.82) (0.00-1.00) 
Criteria 1 Post 
k 0.65 0.76 0.49 0.63 0.67 
CI (0.24 -0.89) (0.3 -1.00) (0.06 - 0.78) (0.11 - 0.87) (0.00-0.93) 
Criteria 2 Pre 
k 0.43 0.70 0.09 0.57 NaN 
CI 
(0.0 - 1.0) (0.27 - 0.92) (-0.71 - 0.89) 
(0.130 - 
0.85) 
NaN 
Criteria 2 Post 
k 0.61 0.18 0.35 0.34 0.68 
CI (0.12 - 0.93) (-0.34 - 0.60) (-0.07 - 0.67) (0.12 - 0.54) (0.17-1.00) 
Criteria 3 Pre 
k 0.57 0.58 0.44 0.15 0.29 
CI (0.18- 0.87) (0.17 - 0.83) (-0.11 - 0.87) (-0.14 - 0.43) (-0.46-1.0) 
Cirteria 3 Post 
k 0.40 0.52 0.36 0.41 0.06 
CI 
(0.05 - 0.86) (0.22 - 0.86) (0.00 - 0.75) (0.00 - 0.76) 
(-0.23-
0.36) 
Criteria 4 Pre 
k NaN NaN NaN NaN NaN 
CI NaN NaN NaN NaN NaN 
Criteria 4 Post 
k NaN NaN NaN NaN NaN 
CI NaN NaN NaN NaN NaN 
Criteria 5 Pre 
k 0.42 0.67 0.33 0.21 0.62 
CI (-0.03 - 0.88) (0.21 - 1.00) (-0.13 - 0.80) (-0.15 - 0.56) (-0.05-1.0) 
Criteria 5 Post 
k 0.51 0.49 0.35 -0.03 NaN 
CI (0.00 - 0.89) (-0.08 - 0.92) (-0.83 - 1.00)  NaN 
*NaN= it is not possible to calculate k because there is a perfect match between 
scores 
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Figure 1. Demonstration of Clinical test of thoracolumbar dissociation. (A) Expected 
performance anterior/posterior tilt of the pelvis in sitting while attempting to maintain a 
constant position of the thorax and thoracolumbar junction. (B) Spine curvatures 
described for each position. (C) Pattern of movement that combines lumbar and 
thoracolumbar junction. (D) Spine curvatures described by the altered pattern.  
 
Table 5. Rater 1 intra-rater agreement of total test scores in LBP participants live and 
videoed assessments.  
Assessors Pre-training  Post-training 
 k 95%CI k 95%CI 
Total Scores  
R1/R1v 0.56 (0.17-0.86) 0.78 (0.58-0.93) 
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